In this article, we construct the scalar-diquark-axialvector-diquark-antiquark type interpolating currents, and study the masses and pole residues of the J P = 3 2 ± hidden-charmed pentaquark states with the QCD sum rules. In calculations, we use the formula µ = M 2 P − (2Mc) 2 to determine the energy scales of the QCD spectral densities. We obtain the masses of the hidden-charm pentaquark states with the strangeness S = −1 and S = −2, which can be confronted to the experimental data in the future.
Introduction
In 2015, the LHCb collaboration studied the Λ 0 b → J/ψp decays, and observed two exotic hiddencharm pentaquark resonances, P c (4380) and P c (4450), in the J/ψp mass spectrum with the significance of more than 9σ [1] . They are good candidates of pentaquark states, which are made of four quarks and one antiquark. The measured masses and widths are M Pc(4380) = (4380 ± 8 ± 29) MeV, Γ Pc(4380) = (205 ± 18 ± 86) MeV ,
(1) M Pc(4450) = (4449.8 ± 1.7 ± 2.5) MeV, Γ Pc(4450) = (39 ± 5 ± 19) MeV .
The preferred spin-parity assignments of the P c (4380) and P c (4450) are J P = 3 2 − and 5 2 + , respectively [1] . The P c (4380) and P c (4450) have attracted much attentions of the theoretical physicists, several possible assignments were suggested, such as the Σ cD * , Σ * cD * , J/ψN (1440), J/ψN (1520) molecule-like pentaquark states [2] (or not the molecular pentaquark states [3] ), the diquarkdiquark-antiquark type pentaquark states [4, 5, 6, 7, 8, 9] , the diquark-triquark type pentaquark states [10] , the re-scattering effects [11] , etc.
The QCD sum rules have been applied extensively to study the hidden-charm (bottom) tetraquark or molecular states [12, 13, 14, 15] and pentaquark states [5, 6, 7, 8] . We constructed the diquarkdiquark-antiquark type interpolating currents to study the P c (4380) and P c (4450) with QCD sum rules by calculating the contributions of the vacuum condensates up to dimension-10 in the operator product expansion and using the energy scale formula to determine the ideal energy scales of the QCD spectral densities [5] , then we study other hidden-charm pentaquark states with J P = 1 2 ± , 3 2 ± in Refs. [6, 7, 8] . In summary, we have studied the S L −A H −c type hidden-charm pentaquark states with J P = ± and strangeness S = 0, −1, −2, −3 [7] , the
± and strangeness
, where the S L/H denote the light and heavy scalar diquark states, the A L/H denote the light and heavy axialvector diquark states. In this article, we extend our previous work to study the masses and pole residues of the S L − A H −c type hidden-charm pentaquark states with J P =
2
− and strangeness S = −1, −2.
where the U ij (x), S ij (x) and C ij (x) are the full u, s and c quark propagators, respectively,
where t n = λ n 2 , the λ n is the Gell-Mann matrix [17] . Then we compute the integrals both in the coordinate and momentum spaces, and obtain the correlation functions Π i µν (p) , therefore the QCD spectral densities ρ i1 QCD (s) andρ i0 QCD (s) at the quark level through dispersion relation, Finally, we take the quark-hadron duality below the continuum thresholds s 0 and introduce the weight function exp(− s T 2 ) to obtain the following QCD sum rules:
where
the explicit expressions of the QCD spectral densities ρ i1 j (s) andρ i0 j (s) with j = 0, 3, 4, 5, 6, 8, 9 , 10 are given in the appendix.
We differentiate Eqs. (15) (16) with respect to 1 T 2 , then eliminate the pole residues λ ∓ i , and obtain the QCD sum rules for the masses of the hidden-charm pentaquark states.
Once the masses M (14) and (15).
Numerical results and discussions
The input parameters are taken to be the standard values= −(0.24 ± 0.01 GeV)
3 , ss = (0.8 ± 0.1), qg s σGq = m 4 at the energy scale µ = 1 GeV [16, 17, 18] , m c (m c ) = (1.275 ± 0.025) GeV and m s (µ = 2 GeV) = (0.095 ± 0.005) GeV from the Particle Data Group [19] . Furthermore, we set m u = m d = 0 due to the small current quark masses. We take into account the energy-scale dependence of the input parameters from the renormalization group equation,
where t = log
, Λ = 213 MeV, 296 MeV and 339 MeV for the flavors n f = 5, 4 and 3, respectively [19] , and evolve all the input parameters to the optimal energy scales µ to extract the masses of the hidden-charm pentaquark states.
In previous works, we studied the energy scale dependence of the QCD sum rules for the hiddencharm (hidden-bottom) tetraquark states and molecular states X, Y , Z in details for the first time, and suggested an energy scale formula µ = M 2 X/Y /Z − (2M Q ) 2 with the effective heavy quark masses M Q to determine the ideal energy scales of the QCD spectral densities [13, 14] , then we extended the energy scale formula to study the hidden-charm pentaquark states [5, 6, 7, 8] and obtained satisfactory results. In this article, we use the energy scale formula µ = M 2 P − (2M c ) 2 to determine the energy scales of the QCD spectral densities, and take the updated value of the effective c-quark mass M c = 1.82 GeV [15] . For detailed discussions about the energy scale formula, one can consult Ref. [20] .
In Refs. [5, 6, 7, 8] , we take the continuum threshold parameters as √ s 0 = M P + (0.6 − 0.8) GeV, which works well for the hidden-charm pentaquark states. In this article, we also take the continuum threshold parameters √ s 0 = M P + (0.6 − 0.8) GeV as an additional constraint. In the present QCD sum rules, we choose the Borel parameters T 2 and continuum threshold parameters s 0 to satisfy the following four criteria:
1 · Pole dominance at the phenomenological side; 2 · Convergence of the operator product expansion; 3 · Appearance of the Borel platforms; 4 · Satisfying the energy scale formula. Now we search for the optimal Borel parameters T 2 and continuum threshold parameters s 0 by try and error. The resulting Borel parameters T 2 , continuum threshold parameters s 0 , pole contributions, and contributions of the vacuum condensates of dimension 9 and 10 are shown The energy scales, masses and pole residues of the hidden-charm pentaquark states.
explicitly in Table 1 , where the quantum numbers of the hidden-charm pentaquark states are shown explicitly. From Table 1 , we can see that the criteria 1 and 2 of the QCD sum rules are satisfied.
We take into account all uncertainties of the input parameters, and obtain the values of the masses and pole residues of the hidden-charm pentaquark states, which are shown explicitly in Table 2 and Figs.1-2.
From Table 2 and Fig.1-2 , we can see that the criteria 3 and 4 of the QCD sum rules are also satisfied. Now the four criteria of the QCD sum rules are all satisfied, and we expect to make reasonable predictions. The present predictions can be confronted to the experimental data in the future.
The following two-body strong decays are Okubo-Zweig-Iizuka super-allowed,
We can search for those P c states in the Σ + J/ψ, Ξ
s mass spectrum in the future.
Conclusion
In this article, we construct the S L − A H −c type interpolating currents to study the hidden-charm pentaquark states with J P = 3 2
± and strangeness S = −1, −2 by calculating the contributions of the vacuum condensates up to dimension-10 in the operator product expansion. In calculations, we use the formula µ = M 2 P − (2M c ) 2 to determine the ideal energy scales of the QCD spectral densities in a consistent way. We obtain the masses and pole residues of the hidden-charm pentaquark states with the strangeness S = −1, −2, the predicted masses can be confronted to the experimental data in the future. On the other hand, we can take the pole residues as basic input parameters to study relevant processes of the hidden-charm pentaquark states with the three-point QCD sum rules. The QCD spectral densities ρ i1 j (s) and ρ i0 j (s) of the hidden-charm pentaquark states with j = 0, 3, 4, 5, 6, 8, 9, 10 are shown as follows, 
